Bacopa monnieri (L.) Pennell, commonly known as Brahmi, is an important medicinal plant of the Ayurvedic System of Medicine and is categorized as Medhya Rasayana, used for boosting memory. Bacoside A and B (saponins) are major bioactive compounds of the plant responsible for memory enhancement. Consistent quality and quantity of the bioactive compounds are a must to produce highly efficacious herbal drugs. The phytochemical diversity due to ecogeographical variations affects the persistent therapeutic effect. In the present study, quantification of the major bioactive principle of B. monnieri, bacoside A, was performed in order to evaluate chemodiversity in the plants collected from different ecogeographical locations. The analysis of 75 accessions showed a wide range of significant variation in bacoside A content. Further, genetic diversity study was carried out between high-and low-yielding accessions to correlate the effect of the genetic composition on chemical diversity. The cluster analyses of amplified fragment length polymorphism (AFLP) data of high and low bacoside A producing plants using dendogram and principal coordinate analysis (PCoA) revealed no specific clustering. The genetic diversity parameters calculated also support less genetic differentiation between low-and high-yielding accessions. The results clearly indicate that there is a prevalence of agroclimatic conditions on differential bacoside A accumulation in B. monnieri. The study will help to produce quality plant material to be used as phytomedicine.
Introduction
Bacopa monnieri (L.) Pennell (family Scrophulariaceae) is reputed as Medhya Rasayana (memory booster) drug in the Ayurvedic System of Medicine. The various other reported activities of the plant are analgesic, anti-inflammatory, antipyretic, and anticancer [1] . Compounds responsible for various pharmacological effects of Bacopa include alkaloids, saponins, and sterols. Alkaloids contain brahmine and herpestine, and sterols include stigmasterol and β-sitosterol. Bacosides are the principally active saponins [2] . Bacoside A is the major bioactive compound of the plant responsible for memory-enhancing activity (Figure 1) . The therapeutic potential of the plant has attracted lot of attention towards the identification of high bacoside A producing elite germplasm and the development of optimized cultivation practises. However, the concentration of phytochemicals is very much prone to variations in genotype, ecogeographical, and climatic conditions [3, 4] . This variation ultimately affects the quality and efficacy of a herbal preparation. Therefore, the quantitative diversification of phytochemicals in the medicinal plant is the major area of research to produce improved variety. The present investigation was designed to assess chemical and genetic diversity and possible correlation between them in B. monnieri accessions, collected from various ecogeographical locations of India. High-performance thin-layer chromatography (HPTLC) and amplified fragment length polymorphism (AFLP) fingerprinting techniques were used for the chemical and genetic analysis, respectively. Many studies have been reported previously on this plant to independently evaluate chemical and genetic diversity for identification, cultivation, breeding, and conservation of genetically superior germplasm [5] [6] [7] [8] [9] . However, no efforts have been made till date to correlate the genetic makeup with the quantitative variations in bacoside A.
Experimental

Materials and Reagents
Whole plants of B. monnieri (a total of 75 samples -15 from each region) were collected from five distinct geographical regions of India (Table 1 ). The plants were collected at the growth stage where maximum concentration of constituents was reported [10] . Voucher specimens of the collected plant material were deposited at the Department of Pharmacognosy and Phytochemistry of the institute for future reference. For phytochemical analysis, the plant samples were oven-dried to constant weight at 45°C, stored in an air-tight container, and powdered just prior to experimentation. For genetic analysis, the fresh plant material was stored at −20°C.
All the chemicals and solvents used were of analytical grade and were procured from Qualigens, Sigma-Aldrich, Fisher Scientific, HiMedia, Sisco Laboratories (all Mumbai, India), Rankem (Gurgaon, India), and E. Merck (Darmstadt, Germany).
Bacoside A (purity: >95% HPLC) was purchased from Natural Remedies Pvt. Ltd., Bangalore, India. Oligonucleotides (primers and adapters for AFLP analysis) were custom synthesized from Sigma-Aldrich. The enzymes EcoRI, MseI, T4 DNA ligase, Taq DNA polymerase, RNase, and DNA markers (Lambda DNA digested with HindIII and pUC 19 plasmid digested with HpaII/ MspI) were procured from MBI Fermentas, Amherst, NY, USA. 
Phytochemical Analysis
TLC Conditions
Preparation of Calibration Curve
Stock solution of (80 μg mL −1 ) of bacoside A was prepared by dissolving 2 mg of accurately weighed bacoside A in methanol, and the volume was made up to 25 mL with methanol in a volumetric flask. The stock solution was diluted to obtain standard solutions containing 16, 24, 32, 40, and 48 μg mL −1 of bacoside A. Fixed volume (10 μL) of each standard solution of bacoside A (160-480 ng spot −1 ) was applied in triplicate on precoated TLC plates. The plates were developed using ethyl acetatemethanol-water-butanol (8:1.25:0.8:0.25) as the mobile phase in previously saturated development chamber for a distance of 8 cm. After development, the plate was air-dried, derivatized with anisaldehyde-sulphuric acid reagent and kept in an oven at 105°C for 5 min [11] . The plate was scanned at 525 nm, and the peak areas were recorded. Calibration curve was prepared by plotting peak areas vs. concentration of bacoside A.
HPTLC Method Validation
The developed HPTLC method was validated as per the International Conference on Harmonization (ICH) guidelines (CPMP/ICH/381/95; CPMP/ICH/281/95) for precision, repeatability, limit of detection (LOD), and limit of quantification (LOQ). Instrumental precision was checked by scanning the known concentration of bacoside A (320 ng spot −1 ) seven times and it was expressed as coefficient of variation (% CV). The repeatability of the method was assessed by spotting the known concentration of bacoside A (320 ng spot −1 ) five times on the precoated TLC plate and it was expressed as % CV. The variability of the method was studied by analyzing aliquots of standard solution of 240, 320, and 400 on the same day (intra-day precision) and on different days (inter-day precision), and the results were obtained as % CV. For determination of LOD and LOQ, different dilutions of the standard solution were applied along with methanol as the blank and calculated on the basis of signal-to-noise ratio.
Preparation of Sample Solution
Dried powdered plant material (50 mg) was extracted with methanol (3 × 10 mL) at 60°C in water bath. The extracts were cooled and filtered through Whatman I filter paper, then the filtrates were combined and concentrated, and the volume was made up to 5 mL with methanol in a volumetric flask. Sample solutions (10 μL) were applied in triplicate on a precoated silica gel 60 F 254 TLC plate. The plate was developed and scanned at 525 nm to obtain peak areas. The amount of bacoside A in the sample was calculated using a calibration curve. Based on the reported bacoside A concentration and the results obtained, a cut-off range was set to categorize the collected accession into low-and high-yielding groups [12] . The mean bacoside content of each geographical region was calculated, and the results were expressed in terms of percent dry weight basis (% dwb) as mean ± SD. Analysis of variance (ANOVA) was used for determining the difference in variation in mean bacoside A content among five various ecogeographical regions. The difference between the treatments was considered to be statistically significant when p ≤ 0.05.
DNA Isolation and AFLP Fingerprinting
The plant accessions from high-and low-yielding groups were subjected to DNA isolation using CTAB extraction method [13, 14] . DNA from nine representative samples of each location was subjected to AFLP fingerprint analysis [15] . The extracted DNA was sequentially digested with EcoRI and MseI. Double-digested DNA was kept for ligation with adapters. Polymerase chain reaction (PCR) amplification of ligated DNA was carried out following the program as initial denaturation at 94°C for 2 min and then 12 cycles of 94°C for 30 s, 65°C for 30 s, and amplification at 72°C with reduction in annealing temperature at the rate of 0.7°C per cycle. This was followed by the constant annealing at 56°C for 30 s up to remaining 30 cycles. The final extension was carried out at 72°C for 5 min. The amplified fragments were resolved on 8% polyacrylamide gel. Fingerprint was developed by silver staining of polyacrylamide gel [16] . Initially, 36 primer pairs were screened for determining the unambiguous and reproducible AFLP fingerprints. Finally, two primer pairs (EcoR-TAC/Mse-CTT and EcoR-GC/Mse-CAGC) giving the best fingerprints were selected for final AFLP fingerprint generation from high-and low-yielding accessions of B. monnieri.
Data Scoring and Statistical Analysis
Data was scored in binary form (1/0) and matrix was prepared. The bands between sizes of 60 to 500 bp were counted without considering the difference in band intensity. The degree of polymorphism was counted by dividing the number of polymorphic bands from the total number of bands. Cluster analysis was performed using similarity matrix based on the Jaccard similarity coefficient, and a dendrogram was generated using unweighted pair group method with arithmetic mean (UPG-MA) algorithm with the online tool Dendro UPGMA: a dendrogram construction utility (http://genomes.urv.cat/UPGMA/ index.php; last accessed on 3.10.15). Bootstrap analysis was performed using 100 replicates. GenAlex vs. 6.5 was used for principal coordinate analysis (PCoA) and analysis of molecular variance (AMOVA) [17] . AMOVA was calculated to determine the partitioning of genetic variation at various levels using 999 permutations. PopGene vs. 1.32 was used to determine various genetic parameters [18] .
Results and Discussion
In view of the chemovariability present in plants, the quantification of marker compounds (chemical/biological) in medicinal plants is an important aspect in herbal drug analysis to determine the therapeutic efficacy of the drug [19] . Therefore, to assess the ecogeographical diversity in B. monnieri and to identify the superior chemotypes, the bacoside A content was determined in all the collected accessions using HPTLC method [11] .
Calibration curve of bacoside A was generated, and the method was validated in terms of precision, repeatability, LOD, and LOQ ( Table 2) . The relationship between the concentration of standard solutions and the peak response was linear within the concentration range of 160-480 ng spot −1 with a correlation coefficient of 0.997. The instrumental precision and repeatability were 0.46 and 1.10 (% CV), respectively. The TLC-densitometric method was found to be precise with % CV for intra-day in the range of 0.46-1.30 and for inter-day in the range of 0.83-1.23. This indicates that the proposed method was precise and reproducible. The LOD and LOQ values for bacoside A were found to be 40 ng and 120 ng, respectively. The concentration of bacoside A in the collected accessions varied from 0.094% to 0.969% w/w, thus indicating extensive ecogeographical diversity in B. monnieri (Figures 2 and 3) . Previous studies have also reported the effect of geographical and climatic conditions on the content of bacoside [6, 20] . Results of ANOVA indicated significant variations in concentrations amongst all populations (p < 0.001). The plants were segregated into low-and high-yielding groups in order to understand whether this variation is due to ecogeographical variability or can be correlated with genetic structure. Many studies have previously reported that genetic factors can influence the level of bioactive compounds in plants [21, 22] . Accessions with less than or equal to 0.3% of bacoside A were considered as low-yielding, while accessions with 0.6% or more were categorized as high-yielding groups. The accessions in low-and high-yielding groups were analyzed with AFLP fingerprinting to assess the genetic correlation among them. A total of 16 bands were generated out of which 9 bands were found polymorphic. Moderate level of polymorphism was obtained (56.25%) in high-and low-yielding accessions of Bacopa.
In order to analyze the genetic correlation between high-and low-yielding accessions, cluster analysis was performed. For this purpose, similarity matrix was prepared based on the Jaccard similarity coefficient which was found to vary from 0.625 to 0.846, indicating a lower range of genetic diversity (Table 3) .
Based on the similarity matrix, hierarchical cluster analysis by UPGMA resulted in a dendrogram with no specific grouping of high-and low-yielding accessions (Figure 4) . A similar Figure 5 ). This indicated that the variation in bacoside A content is not due to the genetic factors but epigenetic changes which arise as a result of variable environmental factors. This was further proved by AMOVA which displayed homogeneity among the populations (2%) rather than within the population ( Table 4 ). The genetic parameters calculated with Popgene are tabulated in Table 5 . A lower genetic differentiation value (Gst) exhibited less significant gene differentiation between populations [21] . High gene flow values (Nm) also support the high homogeneity between high-and low-yielding accessions which belong to different populations. 
Conclusion
In today's era, with the rise of the demand for herbal medicines, maintaining quality and efficacy of herbal medicines is a challenging task. Quality gets affected by adulteration and substitution with inferior herbal drugs, leading to variation in the quantity of the active phytoconstituents. It is a well established fact that secondary metabolites from medicinal plant species often show significant variation in the quantity of active phytoconstituents due to seasonal and geographical variation. However, the role of genetic factors in this scenario needs further investigation. The present investigation was performed to check the chemical diversity in Bacopa in relation to bacoside A and to determine whether this variation is genetic in nature.
The HPTLC analysis showed a significant level of variation in the bacoside A content among accessions collected from different geographical regions of India. The genetic characterization of chemically diverse accessions with AFLP did not reveal any specific grouping into high-and low-yielding plants. Based on these results, it can be concluded that the epigenetic changes due to ecogeographical variations are playing a key role in the chemodiversity of B. monnieri with respect to bacoside A. The results of the phytochemical analysis also revealed that most of the high-yielding accessions belong to comparatively higher rainfall areas (i.e., Surat and Mohali where the annual rainfall is more than 100 cm). Therefore, a lot of emphasis should be given on optimizing cultivation parameters for B. monnieri to obtain high yield of bacoside A and maintaining uniformity in the quality of the plant material. 
